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1.1. The synthesis of a library of 3-(a-styryl)benzo[b]-thiophenes as
antitubulin agents
Compounds that can bind to tubulin can have a profound anti-
tumor effect by damaging the vasculature and restricting blood
supply resulting in tumor tissue necrosis. There are three sites
where compounds have been found to bind to tubulin, but one of
the most studied agents, combretastatin A-4 (1), binds to the col-
chicine binding site. A recent publication describes the synthesis
of a library of compounds designed to mimic the stilbenoid struc-
ture of combretastatin A-4, and these compounds have been pro-
ﬁled for their antiproliferative effects [1].
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As combretastatin A-4 can undergo rapid E-Z isomerization of
the double bond under the inﬂuence of heat, light or acidity, it has
recently been found that this issue can be avoided with the use of
the equally active isocombretastatin A-4 (2). Consideration of this
structure has resulted in the design of a new library of analogs based
on the 3-(a-styryl)benzo[b]-thiophene structure (6), prepared by a
convergent synthetic approach, and designed as potential anti-
tubulin agents. The compounds were designed to have multiple
points of diversity in each of three aromatic rings (A, B and C).
The route involved sequential bromocyclization and palladium-
mediated coupling reactions. In the presence of N-methylpyrroli-
din-2-one hydrotribromide (MPHT), 1-(1-alkynyl)thioanisoles (3)
can be cyclized to generate 3-bromobenzothiophenes (4). These
structures are now primed for a palladium-catalyzed coupling with
N-tosyl hydrazones (5) and a range of reaction conditions were
carefully investigated to maximize yield for a range of substrates.
Ultimately, it was found that the coupling proceeded in highesthttp://dx.doi.org/10.1016/j.comche.2014.12.002
E-mail: nterrett@ensemblediscovery.comyield with a combination of palladium dichloride with DavePhos
ligand and lithium tert-butoxide as base in dioxane at 100 C in a
sealed tube.
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The product 3-(a-styryl)benzo[b]-thiophenes (6) were evalu-
ated for their ability to inhibit tubulin polymerization and
in vitro cellular growth against the human colon carcinoma cell line
(HCT-116). Two compounds (7 and 8) in particular exhibited sim-
ilar inhibition of tubulin assembly (IC50 values of 4 and 3 lM
respectively). Compound 7 was also active as an antiproliferative
in the cell assay with IC50 value below 1 lM, although 8 did not
exhibit a signiﬁcant cytotoxic effect. A molecular modeling study
of the compounds, docking the compounds to the colchicine bind-
ing site on tubulin, indicated that binding is dependent primarily
on the B-ring hydroxy group.
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thiophene derivatives with the potential to disrupt tubulin poly-
merization at micromolar concentrations.2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
A parallel solid-phase synthesis of 2,4,5-trisubstituted thio-
phene-3-carbonitrile derivatives has been developed [2]. The poly-
mer-supported synthetic route progressed using an ultimately
traceless sulﬁde linker. The initial synthesis utilized the Thorpe–
Ziegler type cyclization of a-haloketone and polymer-supported
2,2-dicyanoethene-1,1-bis(thiolate), derived from Merriﬁeld resin,
to give a thiophene resin. Following further derivatization, the sul-
ﬁde linker could be oxidized to permit cleavage of the thiophene
resin by nucleophilic desulfonative substitution with amines and
thiols. The desired thiophene-3-carbonitrile derivatives were gen-
erated in good overall yields.
2.2. Solution-phase synthesis
Sequential replacement of imidazole from sulfonyldiimidazole
by phenols and then amines leads to O-arylsulfamate esters. Appli-
cation of this coupling method to 19 phenols and 6 amines has
been used to generate a library of 114 sulfamate esters, Ar-OSO2-
NR2 [3]. For example, a sulfamate-based conjugate of ethinyl estra-
diol has been prepared by using the steroid 3-hydroxyl as the phe-
nol component, and an amino amide derived from linoleic acid as
the amine. Hydrolysis of this conjugate was studied in aqueous
buffer at pH values 2, 5, and 7.4, and gave very similar respective
half-lives of 6.8, 6.6, and 6.7 days.
A synthetic strategy for the synthesis of a library of 4-N-benzyl-
amino-2-N-phenyl-pyridines has been described [4]. The approach
involves a Pd-assisted cross-coupling of a 4-chloro-N-phenylpyri-
din-2-amine intermediate with a range of benzylamines. A variety
of ligands were screened for this reaction, the most successful
being the Josiphos ligand, which gave the desired products in good
to moderate yields.
An efﬁcient method has been developed for the synthesis of
benzo[b]thiophene core structure using a two-step, multicompo-
nent reaction resulting in favorable yields [5]. This convergent
reaction proceeds at room temperature thus eliminating the harsh
reaction conditions usually associated with the synthesis of
benzo[b]thiophene ring structures. Used in many drugs that treat
conditions such as osteoporosis, asthma, and fungal infections,
the benzo[b]thiophene core structure is of extreme importance to
medicinal and pharmaceutical research. The key step in this pro-
cess involves the use of iodine as a cyclizing agent that also acts
simultaneously as a catalyst. Alcohols such as alkyl, allyl, propar-
gyl, and benzylic have been employed to prepare a diverse library
of 3-iodobenzo[b]thiophenes.
New and practical acid-promoted domino bicyclization
between 2,2-dihydroxyindene-1,3-dione and cyclic enaminones
has been established for the formation of tetracyclic isochromeno
[4,3-b]indoles under microwave heating [6]. This method simulta-
neously installs C–N, C–O, and C–C bonds, allowing direct assembly
of functionalized isochromeno [4,3-b]indole skeletons with a wide
diversity of substituents. The reaction features reliable scalability,
ﬂexibility of structural modiﬁcation, and wide substrate scope as
well as operational simplicity, and it provides a useful approach
to diverse libraries of products without tedious work-up or
isolation of intermediates.2.3. Scaffolds and synthons for combinatorial libraries
The presence of N-heterocycles as an essential structural motif
in a variety of biologically active substances has stimulated the
development of new strategies and technologies for their synthe-
sis. In particular, quinazolines and quinazolinones form a privi-
leged class of compounds with a diverse spectrum of therapeutic
potential. The easy generation of complex molecular diversity
through broadly applicable, cost-effective, practical and sustain-
able synthetic methods in a straightforward fashion along with
the importance of these motifs in medicinal chemistry, received
signiﬁcant attention from researchers engaged in drug design
and heterocyclic methodology development. A recent review arti-
cle recapitulates recent developments with eco-friendly and green
procedures for the construction of highly challenging and poten-
tially bioactive quinazoline and quinazolinone scaffolds [7]. The
key mechanistic insights for the synthesis of these heterocycles
along with potential applications and manipulations of the prod-
ucts have also been described.
A versatile synthetic route to new 4-quinolone-based polycyclic
systems has been described [8]. The TFA-catalyzed intramolecular
reaction of N-unsubstituted quinolone-2-carboxylic acid amides
gives structurally diverse compounds, depending on the length of
the chain. Acid treatment of b-oxoamides furnishes 3H-pyrazi-
no[1,2-a]quinoline-4,6-diones, due to the nucleophilic attack of
N-1 to the carbonyl group, whereas TFA treatment of d- and e-
oxoamides leads to the formation of tetracyclic compounds by a
tandem heteroannulation reaction. This approach represents a ver-
satile approach to new biologically relevant scaffolds and speciﬁ-
cally provides a method for the rapid preparation of diversely
substituted derivatives.
2.4. Solid-phase supported reagents
A simple, efﬁcient, and general procedure for the ring-opening
of epoxides with various alcohols to give the corresponding b-alk-
oxy alcohols using graphite oxide as the catalyst, under very mild
reaction conditions, has been reported [9]. The method proceeds in
good to excellent yields and in short reaction times at room tem-
perature under metal-free conditions.
A mild and efﬁcient synthetic method has been developed for
the esteriﬁcation of O-alkyl alkylphosphonic and carboxylic-acids
using polymer-supported sulfonated magnetic resins [10]. Poly-
mer-supported resins are subsequently recovered using an exter-
nal magnet and can be reused several times.
Polymer-bound sulfonylhydrazide has been prepared from
commercial sulfonic acid resin through a straightforward, one-step
synthetic route avoiding chlorosulfonic intermediates [11]. This
sulfonylhydrazide resin has found an application as a scavenging
agent in winemaking, and an efﬁcient recycling protocol of the
used supports has also been established.
2.5. Novel resins, linkers and techniques
A highly efﬁcient In (III) triﬂate-assisted method for the detrity-
lation of O-trityl derivatives of carbohydrates, phenols, and alco-
hols using a solvent-free mechanochemical method has been
presented [12]. In the case of carbohydrates, further reaction in
the presence of an acceptor sugar leads to highly efﬁcient glycosyl-
ation in the same pot resulting in the formation of the desired gly-
coside-product in very high yields. The method has been applied
successfully to the synthesis of a combinatorial library of galact-
ose-based (1,6)-linked cyclohexa-, hepta-, and octasaccharides on
gram scale.
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The discovery and structure–activity relationships of 2-substi-
tuted glutamylanilides as novel probes of the steric environment
comprising the amino acid binding domain of alanine–serine–cys-
teine transporter subtype 2 (ASCT2) has been described [13].
Focused librarydevelopment led to threenovel, highlypotentASCT2
inhibitors, with N-(2-(morpholinomethyl)phenyl)-l-glutamine
exhibiting thegreatest potency in a live-cell glutamineuptakeassay.
This level of potency represents a threefold improvement over the
most potent, previously reported inhibitor in this series.
Myeloperoxidase (MPO) produces hypohalous acids as a key
component of the innate immune response. However, release of
these acids extracellularly results in inﬂammatory cell and tissue
damage. The two-step, one-pot Davis–Beirut reaction has been
used to synthesize a library of 2H-indazoles and 1H-indazolones
as putative inhibitors of MPO. A structure–activity relationship
study has been undertaken wherein compounds were evaluated
utilizing taurine-chloramine and MPO-mediated H2O2 consump-
tion assays [14]. Fourteen compounds were found to be potent
inhibitors with IC50 values below 1 lM, suggesting these com-
pounds could be considered as potential modulators of pro-oxida-
tive tissue injury pertubated by the inﬂammatory MPO/H2O2/
HOCl/HOBr system.
A small molecule library of N-acyl-substituted 1,2-ben-
zisothiazol-3-one derivatives has been synthesized and evaluated
as inhibitors of caspase-3 and -7 [15]. Some compounds were
found to be nanomolar inhibitors of caspase-3 and -7 in vitro,
and two compounds in particular at 10 lM concentration showed
signiﬁcant protection against apoptosis in camptothecin-induced
Jurkat T cells system.
References
[1] Tréguier B, Lawson M, Bernadat G, Bignon J, Dubois J, Brion JD, et al. Synthesis of
a 3-(a-styryl)benzo[b]-thiophene library via bromocyclization of alkynes and
palladium-catalyzed tosylhydrazones cross-couplings: evaluation as antitubulin
agents. ACS Comb Sci 2014;16(12):702–10.
[2] Lee S, Lee D, Song K-S, Liu K-H, Gong Y-D, Lee T. Parallel synthesis of 2,4,5-
trisubstituted thiophene-3-carbonitrile derivatives on traceless solid support.
Tetrahedron 2014;70(48):9183–90.
[3] Yang B, Sun Z, Liu C, Cui Y, Guo Z, Ren Y, et al. O-(Aminosulfonylation) of phenols
and an example of slow hydrolytic release. Tetrahedron Lett 2014;55(49):
6658–61.
[4] Hawkins JL, Gregson CL, Hassall LA, Holmes JL. Selective palladium-catalysed
amination of 4-chloropyridines with benzylamines using the Josiphos ligand.
Tetrahedron Lett 2014;55(49):6734–7.
[5] Kesharwani T, Craig J, Del Rosario C, Shavnore R, Kornman C. Synthesis of 3-
iodobenzo[b]thiophenes via iodocyclization/etheriﬁcation reaction sequence.
Tetrahedron Lett 2014;55(50):6812–6.
[6] Zhao F-J, Sun M-Y, Dang Y-J, Meng X-Y, Jiang B, Hao W-J, et al. Domino
bicyclization of 2,2-dihydroxyindene-1,3-dione with cyclic enaminones leading
to isochromeno[4,3-b]indoles. Tetrahedron 2014;70(51):9628–34.
[7] Khan I, Ibrar A, Ahmed W, Saeed A. Synthetic approaches, functionalization and
therapeutic potential of quinazoline and quinazolinone skeletons: the advances
continue. Eur J Med Chem 2015;90:124–69.
[8] Cincinelli R, Musso L, Beretta G, Dallavalle S. 4-Quinolone fused heterocyclic ring
systems by intramolecular reactions of 4-quinolone-2-carboxamides. Tetrahe-
dron 2014;70(52):9797–804.
[9] Mirza-Aghayan M, Alizadeh M, Tavana MM, Boukherroub R. Graphite oxide: a
simple and eﬃcient solid acid catalyst for the ring-opening of epoxides by
alcohols. Tetrahedron Lett 2014;55(49):6694–7.
[10] Purohit AK, Kumar A, Singh V, Goud RD, Jain, Dubey DK. Polymer-supported
sulfonated magnetic resin: an eﬃcient reagent for esteriﬁcation of O-alkyl
alkylphosphonic-and carboxylic-acids. Tetrahedron Lett 2014;55(50):6844–6.[11] Bakaï M-F, Barbe J-C, Moine V, Birot M, Deleuze H. Eﬃcient preparation, uses,
and recycling of a polymer-bound sulfonylhydrazide scavenger. Tetrahedron
2014;70(49):9421–6.
[12] Kumar V, Yadav N, Kartha KPR. In(III) triﬂate-catalyzed detritylation and
glycosylation by solvent-free ball milling. Carbohyd Res 2014;397:18–26.
[13] Schulte ML, Dawson ES, Saleh SA, Cuthbertson ML, Manning HC. 2-Substituted
Nc-glutamylanilides as novel probes of ASCT2 with improved potency. Bioorg
Med Chem Lett 2015;25(1):113–6.
[14] Roth A, Ott S, Farber KM, Palazzo TA, Conrad WE, Haddadin MJ, et al. Inhibition of
myeloperoxidase: Evaluation of 2H-indazoles and 1H-indazolones. Bioorg Med
Chem 2014;22(22):6422–9.
[15] Li Z, Pan Y, ZhongW, Zhu Y, Zhao Y, Li L, et al. Synthesis and evaluation of N-acyl-
substituted 1,2-benzisothiazol-3-one derivatives as caspase-3 inhibitors. Bioorg
Med Chem 2014;22(24):6735–45.Further reading
Papers on combinatorial chemistry or solid-phase synthesis from other
journals
Barcelos RC, Pastre JC, Vendramini-Costa DB, Caixeta V, Longato GB, Monteiro PA,
et al. Design and synthesis of N-acylated aza-goniothalamin derivatives and
evaluation of their in vitro and in vivo antitumor activity. ChemMedChem
2014;9(12):2725–43.
Boas U, Mirsharghi S. Color test for selective detection of secondary amines on resin
and in solution. Org Lett 2014;16(22):5918–21.
Cherkupally P, Ramesh S, de la Torre BG, Govender T, Kruger HG, Albericio F.
Immobilized coupling reagents: synthesis of amides/peptides. ACS Comb Sci
2014;16(11):579–601.
Ciaccia M, Tosi I, Baldini L, Cacciapaglia R, Mandolini L, Di Stefano S, et al. Applications
of dynamic combinatorial chemistry for the determination of eective molarity.
Chem Sci 2015;6:144–51.
Cullen B, Henriksen B, Lomneth R. Structural aspects of ozonides on lymphoma cell
viability: part B. J Chem Pharm Res 2014;6(10):329–34.
Das P, Chaudhuri T, Mukhopadhyay C. Pseudo-ﬁve-component domino strategy for
the combinatorial library synthesis of [1,6] naphthyridines-an on-water
approach. ACS Comb Sci 2014;16(11):606–13.
Djigoue GB, Maltais R, Poirier D. Development of a simple and eﬃcient solution-phase
parallel synthesis of ﬂexible non-steroidal estradiol mimics. Comb Chem High
Throughput Screen 2014;17(9):734–44.
Fuse S, Nakamura K, Mifune Y, Marubayashi H, Hijikuro I, Nojima S, et al. Rapid library
synthesis of amphiphiles based on a dioxinone scaold and identiﬁcation of non-
lamellar liquid crystals. Synlett 2014;25(19):2806–13.
Garcia-Martin F, Matsushita T, Hinou H, Nishimura S-I. Fast epitope mapping for the
anti-MUC1 monoclonal antibody by combining a one-bead-one-glycopeptide
library and a microarray platform. Chemistry 2014;20(48):15891–902.
Kassehin UC, Gbaguidi FA, Kapanda CN, McCurdy CR, Poupaert JH. Solvent eect and
catalysis in the synthesis of thiosemicarbazone derivatives from ketones and 40-
phenylthiosemicarbazide. Afr J Pure Appl Chem 2014;8(8):110–5.
Lampkowski JS, Durham CE, Padilla MS, Young DD. Preparation of asymmetrical
polyynes by a solid-supported Glaser-Hay reaction. Org Biomol Chem
2015;13:424–7.
Li J, Cvrtila I, Colomb-Delsuc M, Otten E, Otto S. An, ‘‘Ingredients’’ approach to
functional self-synthesizing materials: a metal-ion-selective, multi-responsive,
self-assembled hydrogel. Chem Eur J 2014;20(48):15709–14.
Liu C, Shen M, Lai B, Taheri A, Gu Y. Condition-determined multicomponent reactions
of 1,3-dicarbonyl compounds and formaldehyde. ACS Comb Sci 2014;16(11):
652–60.
Moon H, Lee WS, Oh M, Lee H, Lee JH, Im W, et al. Design, solid-phase synthesis, and
evaluation of a phenyl-piperazine-triazine scaold as a-helix mimetics. ACS Comb
Sci 2014;16(12):695–701.
Naganna N, Madhavan N. Soluble non-cross-linked poly(norbornene) supports for
peptide synthesis with minimal reagents. J Org Chem 2014;79(23):11549–57.
Sarma BK, Liu X, Wu H, Gao Y, Kodadek T. Solid phase synthesis of 1,3,4-oxadiazin-5
(6R)-one and 1,3,4-oxadiazol-2-one scaolds from acyl hydrazides. Org Biomol
Chem 2014;13(1):59–63.
Turner DM, Tom CTMB, Renslo AR. Simple plate-based, parallel synthesis of disulﬁde
fragments using the CuAAC click reaction. ACS Comb Sci 2014;16(12):661–4.
Ulatowski F, Sadowska-Kuziola A, Jurczak J. ‘‘Choose-a-Size’’ approach in dynamic
combinatorial chemistry: a single substrate dynamic combinatorial library of
oligomacrocycles that adapts to the size and shape of carboxylates. J Org Chem
2014;79(20):9762–70.
